Global targets aim to increase the number of people living with HIV (PLWH) who know their status. Using data from Mozambican facility-based HIV testing and counseling (HTC) and a population-based survey, we compared characteristics of PLWH diagnosed in HTC to the general population of PLWH to identify subgroups that are missing from the health system and may be undiagnosed. Male and female PLWH aged 50+ (PPR = 0.47, p = .0001) and with higher HIV knowledge (PPR = 0.52, p = .004) were underrepresented in HTC. A higher proportion of patients diagnosed in health facilities were aged 25-39 (PPR = 1.23, p = .02). Female PLWH with lower economic (PPR = 0.70, p = .04) and educational status (PPR = 0.86, p = .02) and male PLWH aged 18-24 (PPR = 0.47, p = .03) were underrepresented in HTC. Comparing HTC data to population-based data can inform efforts to increase HIV diagnoses and to ensure that all PLWH know their status.
Introduction
UNAIDS' 90-90-90 targets propose that 90% of people living with HIV (PLWH) know their status, 90% of people with diagnosed HIV infection receive treatment, and 90% of people receiving treatment have undetectable viral loads by 2020 (Joint United Nations Programme on HIV/AIDS [UNAIDS], 2014a). While a welcome feature of these targets is that they focus on quality of care across the HIV care continuum, their success hinges on ensuring PLWH know their status. Yet, coverage of diagnosis among PLWH remains low with only 45% of PLWH in sub-Saharan Africa (SSA) estimated to know their status (UNAIDS, 2014b) .
Many studies have examined correlates of selfreported HIV testing history in SSA using data from nationally representative population-based surveys (e.g., AIDS Indicator Survey [AIS]) to increase testing uptake in the general population (Godif, Assefa, Alemayehu, & Terefe, 2015; Hutchinson & Mahlalela, 2006; Jean, Anglaret, Moh, Lert, & Dray-Spira, 2012; Ng'ang'a et al., 2014; Peltzer, Matseke, Mzolo, & Majaja, 2009; Ziraba et al., 2011) . However, far less is known about correlates of diagnosis (and specifically undiagnosed HIV) among the sub-population of PLWHinformation that is critical to meet global targets. While population-based surveys routinely test for HIV and ask participants about their testing history (i.e., have you been tested for HIV in the past 12 months), participants are rarely queried about the results of that test (Johnston et al., 2015) . To our knowledge, of more than 45 such surveys completed in the past 5 years, only 4 collected specimens for HIV testing and asked participants the result of their most recent HIV test, allowing examination of correlates of undiagnosed HIV among PLWH (Fishel, Barrere, & Kishor, 2014; Kimanga et al., 2014; Ng'ang'a et al., 2014;  The Namibia Ministry of Health and Social Services (MoHSS) & ICF International, 2014). In the absence of relevant population-based data, alternative approaches are needed to identify which PLWH are being reached by the health system and, importantly, which are not.
We combined data from a study which recruited participants following HIV diagnosis in health facilities in Mozambique with data from the most recent Mozambican AIS to compare characteristics of PLWH diagnosed in health facilities to the general population of PLWH.
Methods
Mozambique has an HIV prevalence of 11%, approximately 120,000 new infections per year, and 1.6 million PLWH (UNAIDS, 2013) . As of 2011, only 26% of females and 14% of males aged 15-49 were tested for HIV in the last 12 months (Instituto Nacional de Estatistica Mozambique & MEASURE DHS/ICF International, 2011) . No data are available on the proportion of PLWH with undiagnosed HIV.
The Engage4Health study is testing a package of interventions to improve linkage to and retention in HIV care at health facilities in Maputo City and Inhambane Province. Participants were enrolled from April 2013 to June 2015 immediately following diagnosis in facilitybased HIV testing and counseling (HTC) services. Eligibility criteria included being ≥18 years old, Portuguese or Xitsua language capacity, not currently pregnant, not planning to leave the community for 12 months, agreeing to be referred to HIV care services at the diagnosing facility, and not having enrolled in HIV care or initiated ART in the prior six months. Eligible individuals who consented to participate in the study completed closed-ended interviews. Ethical clearance for the study was provided by Columbia University and Mozambique's National Committee for Bioethics in Health. Further study details are available elsewhere (Elul et al., 2014) .
The 2009 Mozambique AIS was a nationally representative, population-based survey of adults aged 15-64 (ICF Macro & Instituto Nacional de Estatistica Mozambique, 2010). Participants completed a closed-ended questionnaire, and those who consented to an HIV test had blood collected for subsequent processing at a central lab. To compare the samples, we restricted the AIS sample to individuals who tested HIV-positive, resided in Maputo City or Inhambane Province, and met the Engage4Health eligibility criteria.
Characteristics of individuals testing positive in HTC from the Engage4Health study and PLWH from the general population from AIS were compared. We compared sociodemographic characteristics and theorized determinants of HIV diagnosis available in both datasets including age, sex, education, marital status, household assets, number of children, recent hospitalizations, and HIV knowledge. Univariate statistics were calculated for each sample and compared using chi-square tests or t-tests. Analyses were further stratified by sex. We assessed how well specific subgroups were represented in the health system by calculating program-to-population ratios (PPR). These ratios compare subgroup proportions of PLWH diagnosed in HTC to the proportion in the general population. Ratios <1 indicate subgroup underrepresentation in the health system relative to the burden of disease in the general population, while ratios >1 suggest subgroup overrepresentation in HTC. Stated differently, ratios <1 highlight subgroups of PLWH which may be unaware of their infection and should be targeted for testing campaigns. Analyses were performed in STATA 13, accounting for the cluster design of both surveys.
Results
There were 2004 participants in the Engage4Health sample, while in the AIS sample, 287 (19.6%) of the 1466 individuals testing HIV-positive met the inclusion criteria. Table 1 presents the characteristics of participants in each sample.
Relative to the general population of PLWH identified in the AIS, older PLWH (≥50 years, PPR = 0.47, p = .0001) and PLWH with higher knowledge of HIV (PPR = 0.52, p = .004) were underrepresented in facility-based HTC (Figure 1) . A higher proportion of patients diagnosed in HTC were aged 25-39 (PPR = 1.23, p = .02). Similar to the non-stratified analysis, both older aged male and female PLWH (males: PPR = 0.55, p = .01; females: PPR = 0.34, p = .0001) and those who correctly believed there is no cure for HIV (males: PPR = 0.49, p < .0001; females: PPR = 0.53, p < .0001) were underrepresented in HTC. For females, PLWH with lower education (PPR = 0.86, p = .02) and residing in households without electricity (PPR = 0.70, p = .04) were underrepresented in facility-based HTC. For males, younger PLWH (18-24 years, PPR = 0.47, p = .03) were underrepresented, while males aged 25-39 were overrepresented (PPR = 1.26, p = .04).
Discussion
We compared correlates of HIV diagnosis from a facilitybased HTC sample to a population-based sample in Mozambique to highlight subgroups of PLWH which are potentially being missed by the health system. We found that older PLWH and those who believed HIV cannot be cured were underrepresented in facility-based HTC. These trends persisted in sex-stratified analyses. Additionally, among females, PLWH of lower socioeconomic status and educational attainment were underrepresented in HTC, highlighting the particular vulnerability of poor HIV-positive women. Among males, those aged 18-24 were missing from HTC. Programs should target these subgroups for HIV testing to increase participation in HTC and community-based testing campaigns. Similar to the only other published study exploring correlates of undiagnosed HIV (using Kenya AIS data), age emerged as an important facilitator and barrier to HIV diagnosis among PLWH in our study . While in the Kenyan analysis, PLWH aged 15-24 were less likely to have undiagnosed HIV, in our study, male PLWH aged 18-24 were found to be underrepresented in facility-based HTC. As the Kenyan analysis was not disaggregated by sex, their findings may be driven by substantial testing of young pregnant women in antenatal care which obscured a pattern of undiagnosed HIV in young men. Low uptake of testing among young men has been consistently noted (Staveteig, Shanxiao, Head, Bradley, & Nybro, 2013) . Additionally, we found that both male and female PLWH ≥50 years of age were underrepresented in facility-based HTC, which further buttresses UNAIDS' efforts to draw attention to this neglected group (UNAIDS, 2014b) . Consistent with the Kenya AIS and studies on health-care seeking behaviors generally (Hutchinson & Mahlalela, 2006; Njuki, Kimani, Obare, & Warren, 2014; Peltzer & Matseke, 2014; Ziraba et al., 2011) , we found socioeconomic differentials in diagnosis patterns , likely reflecting additional barriers to care for the poor (Kiwanuka et al., 2008) . Surprisingly, our analysis suggests that PLWH who correctly believe there is not a cure for HIV (a proxy for correct HIV knowledge) are underrepresented in the health system. Other studies have shown HIV knowledge, measured using composite measures, to be a positive predictor of testing behavior (Jean et al., 2012; Ziraba et al., 2011) . It is possible that operationalizing HIV knowledge using a single question inadequately captured HIV knowledge.
Our study has important strengths. First, we examined correlates of HIV diagnosis among PLWH, as opposed to correlates of HIV testing, thus providing insights into which subgroups of PLWH may be undiagnosed and/or underrepresented in the health system. Second, our study relied on biological samples to determine HIV status, and thus was not subject to social desirability bias (Fishel et al., 2014) . A few limitations should also be noted. The AIS sample may include PLWH with known HIV status, in addition to those with undiagnosed HIV. However, a sensitivity analysis restricting the AIS sample of PLWH to those who had never been tested for HIV revealed similar findings. Our comparison was limited by the variables available in both datasets. For example, we could not explore the role of alcohol use, stigma, and sexual behaviors, which have been associated with HIV testing in the general population (Hutchinson & Mahlalela, 2006; Ziraba et al., 2011) . Additionally, the facility-based sample was recruited from HTC where non-pregnant adults tend to self-refer for testing. Other testing points likely capture PLWH with different characteristics. Further, the facility-based sample was derived from an implementation science study and thus may not represent the larger population testing positive at health facilities. Lastly, there was a time lag between the two samples. It is possible that characteristics of PLWH in Mozambique changed over time, and secular trends account for some of the observed differences.
Ensuring that PLWH know their status is the first step in the HIV continuum of care. In the absence of relevant population-based data on undiagnosed HIV, comparing characteristics of individuals diagnosed with HIV in testing programs to those PLWH identified in populationbased surveys can highlight populations which might be unaware of their infection and should be targeted in HIV testing campaigns.
Disclosure statement
No potential conflict of interest was reported by the authors.
Funding
This study was funded by United States Agency for International Development (USAID) [USAID award number: AID-OAA-A-12-00027] and the National Institute of Allergy and Infectious Diseases of the National Institutes of Health under award number [T32AI114398] (SK). The funders had no role in study design, data collection and analysis, decision to publish, or preparation of the manuscript. The content is solely the responsibility of the authors and does not necessarily represent the official views of USAID or the National Institutes of Health. Mozambique AIDS Indicator Survey data can be accessed at http://dhsprogram.com/data/available-datasets.cfm
